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Electric Railway Traction 


Current Collection 


on the success of an electrification system, but 

which are not always recognised at their true value 
by railwaymen, is that of efficient current collection. In 
its widest sense, as covered in an article in another part 
of this issue by a member of the Metropolitan-Vickers 
Traction Bureau, this not only means collection of the 
requisite amount of current steadily and evenly, but that 
this collection should be accomplished with the minimum 
amount of maintenance work on the overhead system and 
on the current collecting device. The design of the panto 
graph frame and wearing shoe, together with the raising 
and lowering apparatus, greatly influence the wear of the 
contact wire, but while the design of these parts may b 
excellent, their beneficial effect may be negatived by an 
overhead system which lacks flexibility, or is constructed 
of the wrong type of material. It is well known that 
hard-drawn copper is universally used for the contact 
wire, but for the wearing strips of the pantograph the 
application of aluminium appears to be growing. Its 
success, however, seems to be confined to high-voltage 
single-phase and three-phase lines where the amount of 
current to be collected is small, or to small d.c. units 
where the current does not exceed 100 amp. For heavy 
d.c. collection aluminium has not proved satisfactory. 


-—. the points which have an appreciable bearing 


Reducing Electrification Costs 


HE capital cost of electrification is so high that any 
means of keeping it down is sure to receive wide 
spread attention, although in numerous instances a 

possible economy may be limited by definitely local con 
ditions. The price of electrical equipment being more or 
less constant, and outside the control of the interested 
tailway company, it is the system of overhead or third 
Tail construction, and, to a lesser extent, the transmission 
lines, to which one must look for possible savings. In thi 
first place, if a railway already possesses electrified lines, 
the contact system for any extensions might be undet 
taken by the engineering staff that has attended to the 
Maintenance work, and probably assisted or closely 
Observed the construction of the original contact line. It 
8 hot in every case that such a scheme is possible, but 
it has been followed with success on the Bellville, Cape 
Flats, and Harrismith sections of the South African Rail 
Ways, the electrification of which was justified financially 
only by the low conversion cost consequent upon the raii- 
Way undertaking the installation work, and the adoption 
of new methods of construction. The latter were evolved 
by the South African Railways’ engineers, and refer almost 
Wholly to the supports for the overhead lines. The steel 
masts are formed of discarded rails, two of which are 
Welded together to form the various types of mast required, 
and, apart from material required for the bridge booms, 
‘very item of steelwork is now fabricated of scrap material. 
Further large savings have been effected by an improve- 
Ment in the method of manufacturing the mast founda- 


tions. The old way was to pour the concrete on the spot, 
but the foundations are now pre-cast and lowered into 
the position by a derrick. They are aligned by template 
with reference to the rail. An erector can lay six of these 
foundations in a working day, an impossible achievement 
with the old method, and the cost is only about one-fifth. 


Shunting Locomotive Conversions 


| Sigg te we battery locomotives have many attractive 
4 features for shunting service on private sidings and 

for general haulage purposes in and about industrial 
works and yards. The control gear is simple and as nearly 
as possible fool-proof; high tractive effort can be developed 
very economically by the d.c. series motor at the low 
speeds required in such service; there are no preparation 
or stand-by losses; and the only maintenance required, 
apart from lubrication, is the periodic recharging of the 
battery. This, in most industrial establishments, can be 
effected at a favourable cost per kWh., and the time and 
trouble involved are much less than where the cleaning 
and making ready of steam locomotives are concerned. 
Adding to these considerations the fact that many existing 
steam locomotives in works’ service are so much above 
the size actually required as to be definitely uneconomical 
im operation and maintenance, the question of their re- 
placement becomes a matter of importance. The pur- 
chase of a new locomotive is the obvious solution, and 
in that case the requisite merits of the latest available types 
ot steam, diesel, and electric locomotives should be fully 
examined. As an alternative to the purchase of com- 
pletely new equipment, the conversion of the old steam 
locomotive to electric battery operation is well worth 
consideration. The possibilities in this direction are 
illustrated by a conversion recently effected in an indus- 
trial establishment in Saxony. The boiler of an 0-4-0T 
locomotive having become unsafe for further use, it was 
decided to convert the machine to electric battery traction. 
The boiler and cylinders were therefore removed, and a 
platform was built on the frame to carry containers for a 
storage battery of 80 cells, with a capacity of 32 kWh. 
at the 3-hour rate. An electric motor rated at 25 h.p., 
“00 r.p.m. was fitted, driving one axle through 14:100 
gearing. The coupling rods being retained, all four wheels 
act as drivers and the weight of the locomotive (about 14 
tons) is fully adhesive’ The converted machine is capable 
of hauling a trailing load of 183 tons at 3-4 m.p.h. or 
292 tons at 2:2 m.p.h. on the level; with lighter loads the 
speed is correspondingly higher. The battery is charged, 
through a rectifier, at times when the general demand of 
the works is low. Energy is then available at about 
(0-12d. per kWh. and about 33 kWh. per day is required 
for recharging. The total costs of the conversion, includ- 
ing the provision of the electric motor, battery, switchgear 
and charging rectifier, is given as 13,000 marks (£650 at 
par). Against this, the cost of a fireman is saved and 
the running cost of the locomotive itself is much reduced. 
There must be, up and down the country, a great scope 
for similar conversions, and the advantages offered are 
certainly attractive. 





SOUTH 
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AFRICAN RAILWAYS ELECTRIFICATION 


Further main line and suburban conversions follow 


eight years’ operation 


of heavy through 


traffic 





Heavy coal train ascending | in 65 gradient on Natal electrified section 


S long ago as 1903 the administration of the South 
A African railway system gave consideration to the 
electrification of difficult sections of line carrying 
a heavy traffic, and after Messrs. Merz and McLellan had 
submitted a report prepared in the years 1917-1919, the 
management of the unified South African Railways & 
Harbours decided to proceed with the electrification of the 
Durban-Pietermaritzburg and  Capetown-Simonstown 
lines. The former is part of the main line from Durban 
to the Transvaal, and has always carried a heavy traffic, 
particularly towards the coast, as it forms the outlet for 
the Natal coalfields, the centre of which is located at 
Glencoe. The Capetown-Simonstown line is_ purely 
suburban, and for financial reasons its conversion was 
shelved just after the war. 

Tenders were invited for the electrification of the Natal 
line, but the traffic increased so much in 1919 and 1920 
that before the contract was placed it became evident that 
the question would have to be reconsidered on a different 
basis, and Messrs. Merz and McLellan prepared a further 
report on the assumption that the traffic towards the 
coast would be 30,000 tons of minerals and 1,000-1,500 
tons of passenger traffic a day, in place of the original 
capacity of 20,000 tons. At the same time the question 
qf converting the whole 240 miles from Glencoe to the 
coast was taken up, as serious congestion existed on the 
single-track line north of Pietermaritzburg. 

As a result of the report presented by the consulting 
engineers, the S.A.R. administration decided to postpone 
the electrification of the Pietermaritzburg-Durban division, 
and proceed at once with the conversion of the Pieter- 
maritzburg-Glencoe section. The policy of providing for 


a daily tonnage of 31,500 has been amply justified, for on 
occasion the tonnage hauled has risen to 35,000 in a day. 


Electric System 

After a full consideration of available types of electric 
traction, the high-voltage d.c. system, with a line pressure 
of 3,000 volts, was chosen, principally on account of the 
fact that if the power to be generated were to be suitable 
for general purposes, single-phase current offered no ad- 
vantage in the substation equipment, and had the dis- 
advantage of requiring the removal of adjacent telegraph 
lines. Further, available figures showed that the main- 
tenance costs of single-phase locomotives were higher than 
those of the d.c. type, and at that time a really satisfactory 
system of regenerative braking had not been evolved fot 
single-phase vehicles, a point of much importance, a 
about 68 miles are downhill, at grades of 1 in 100 oF 
steeper, in the direction of the heaviest traffic. 

The complete electrical system consists of a 33,000 kW. 
power station at Colenso, generating three-phase, 50-cycle, 
6,600-volt current; an 88-000-volt transmission system, 
12 substations converting the high-tension current to 4. 
at the line voltage of 3,000; an overhead contact line. A 
full description of the whole system, which embraced 170 
route and 287 track miles, was given in a paper “ The 
Electrification of the Pietermaritzburg-Glencoe Section of 
the South African Railways ’’ read before the Inst. 0 
Electrical Engineers in 1928 by Mr. F. Lydall, of Messts. 
Merz & McLellan, who were responsible for the complete 
scheme. Full particulars were also given in Tue RAILWAY 
GAzETTE for June 15, 1928. The substations are all of the 
synchronous motor-generator type, and they formed one 
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Electric Railway Traction 


of the earliest large-scale applications of automatic con- 
trol. : 
British Thomson-Houston Company, and by the Inter- 
national General Electric Company, of Schenectady. 


Locomotives 


For the opening of the line, 78 double-bogie locomotives 
with an output on the hourly rating of 1,200 h.p., were 
ordered from the Metropolitan-Vickers Electrical Co. Ltd., 
and were delivered between November, 1925, and 
November, 1926. A further 17 engines to the same design 
were ordered in 1925 and set to work in 1926. These 
locomotives are regularly worked three in multiple unit, 
and were designed to haul 1,640 tons from Glencoe to 
Ladysmith and 1,430 tons on to Pietermaritzburg. In 


The electrical apparatus was constructed by the 
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Despite a certain number of teething troubles, both 
electrical and mechanical, these locomotives have put up 
good performance, and in the years of heavy traffic prior 
to 1930, covered individual annual mileages of 60,000 to 
76,000, the average of the 95 units in 1927 being 67,000, 
at a maintenance cost per mile of 1-88d. The total annual 
saving in wages over steam operation of the locomotive 
crews and train guards for years of good traffic was some- 
thing over £120,000. 

Later Natal Conversions 

The benefits obtained from electrification were so great 
that an extension from Pietermaritzburg to Cato Ridge was 
put in hand, and opened on February 29, 1932. Unfortu- 
nately, the decrease of traffic occasioned by the general 
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Colenso power station from across the Tugela River 


designing, the steady drawbar pull was taken as 60,000 Ib. 
maximum, and a triple-unit locomotive, with an actual 
tractive effort of 66,000 Ib. on the one-hour rating, now 
hauls a uniform trailing load of 1,500 tons right through 
from Glencoe to Pietermaritzburg in 10 hr. 15 min. for 
the 170 miles, whereas with steam operation the time was 
16 hr. 30 min., hauling 1,000 tons from Glencoe to Lady- 
smith, 820 tons thence to Mooi River, and 850 tons on to 
Pietermaritzburg. 

As it was desired, for reasons of maintenance, to have 
all the locomotives to the same design, there was no pos- 
sibility of trying out several types with a view to evolving 
a best locomotive, and the double-bogie layout was there- 
fore adopted as being the most simple and as having given 
satisfactory service on various other railways. It is pos- 
sible that a design embodying side rods might have been 
considered more satisfactory from an adhesion point of 
view, but a dozen years ago no really successful d.c. 
locomotive with this system of drive had been in operation 
long enough for any reliable data to be collected. 


slump had by then become pronounced, and although a 
daily tonnage of only 22,000 was estimated when the Cato 
Ridge extension was under consideration, the actual 
average tonnage hauled in the fiscal year 1932-33 dropped 
to 15,300, barely half of what it was in 1927-29. The 
volume of down traffic hauled south of Ladysmith during 
the year 1932-33 was 4,807,589, a drop of 10-6 per cent. 
compared with the previous year, but owing to the Cato 
Ridge extension, the current consumption rose by 1:8 per 
cent. to 83,502,600 kWh., and the cost of the current 
supplied from the Colenso station by 7-25 per cent. to 
£291,229. 

In order to provide an economical load for Colenso 
under present conditions, and to use the electric locomo- 
tives which are at present either stored up or making a 
small mileage, it was decided early in 1933 to proceed 
with the conversion of the Natal-Orange Free State main 
line from Daimana junction to Harrismith (after a pro- 
posal to terminate at the frontier station, Van Reenen), 
and the necessary financial provision was made in the 
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budget for 1933-34. New methods of erection and new 
designs having been evolved by the South African Rail- 
ways’ engineers as a result of observing the construction 
and behaviour of the equipment in Natal and round Cape- 
town, the capital cost of the conversion of the 71-2 miles 
of single track, including 12 miles of sidings, on the Har- 
rismith extension is remarkably low, and is estimated at 
only £100,000. It is anticipated that a saving of £26,500 
per annum will be effected in the operating costs of this 
line, which 2,300 ft. in the first 37 miles out of 
Daimana, and that the train service through to Bethlehem 
junction will be greatly improved. The masts for the 
contact line have now been erected over a distance of 
50 miles, and are supported on pre-cast concrete founda- 
tions. It is anticipated that the line will be in full electric 
operation by the end of the present year. 

Another important step, the conversion of the lines from 
Glencoe to Vryheid and Glencoe to Newcastle, has recently 
been decided upon, but although the adminstration hope 
that work will commence at the end of this year, Parlia- 
mentary sanction is not yet being sought, apparently with 
a view to awaiting the report on the railways of the 
Union which is now being prepared by Sir Guy Granet 
and Herr Hans Meyer. The 37-mile section to Newcastle 
forms part of the main line from Natal to Johannesburg 
and Pretoria, and the total track mileage to be converted 
including the 60 route miles from Glencoe to Vryheid will 
be 115. The estimated cost of conversion is again low, 
viz., £300,000, and it is anticipated that £70,000 a year 
will be saved in operating expenses. As with the Harri- 
smith line, the erection of the overhead gear and sub- 
stations will be undertaken by the railway staff. It is 
believed that the decision to electrify the section from 
Cato Ridge to Durban is being deferred only until the 
publication of the Granet-Meyer report, and if the Vryheid 
and Durban extensions are put in hand, it will be possible 


rises 
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to make a through electric run of 300 miles without cross. 
ing the Natal border. 


Capetown Suburban Services 
Although the electrification of the Capetown-Simong. 
town line was postponed in 1920, the question was no 
allowed to fall into abeyance, and was taken up afresh 
about six years later with the result that conversion was 


sanctioned. 


Electric operation from Capetown to Sea. 


point was inaugurated in October, 1927, and from Cape. 
town to Simonstown in June, 1928, the total route mileage 


991 


being 
been taken up. 


The Monument and Seapoint line has since 


Direct-current at a voltage of 1,500 was chosen, and 
this permits of the standardisation of certain electrical 


apparatus for use with a tension of 3,000 volts. 


Power is 


obtained from the South African Railways’ own power 


station located 


at Salt 


River, two miles east 


of Cape- 


town, in which are installed three English Electric 10,000 


kVA. alternators, delivering current at 


12,000 volts to 


transformers which raise the tension to 33,000 volts for 


transmission to the substations 


The line is fed through 


six fully-automatic rotary-converter substations, the com- 
plete apparatus for which was constructed by the Genera! 
Electric Company at their Witton and Coventry works, 

For several years past, electrification of the main Rand 
line out of Capetown as far as Bellville has been under 
consideration, but the high estimated cost prevented th 
prosecution of the work unti! April, 1933, when the con- 


version of the 9? miles of double track was begun. 


Full 


electric working was commenced on December 8 last; the 
cost of conversion of the 31 track miles is understood to 
have been slightly in excess of £40,000, and the estimated 
annual saving in working expenditure is in the neighbow 
Only the Capetown-Bellville local pas- 
senger services are being worked electrically, and the goods 


hood of £15,400. 
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traffic, main-line passenger, and 
local services to Wellington and 
Worcester and on the adjacent 
branches are still operated 
throughout by steam traction. 

Power is obtained from the Salt 
River generating station through 
a new substation at Bellville. In 
addition to the construction work, 
which included the building of 
three bay platforms at Bellville, 
the widening of the line between 
Salt River and Capetown, and the 
layout of carriage sidings at the 
latter terminus, the signalling had 
to be altered, and entirely new 
timetables prepared. The pre 
vious steam trains took 43 mm., 
stopping ai all fourteen stations, 
but this has been reduced to 
30 min., in conjunction with a 
more frequent train service, by 
electric traction. 

At one time there was evely 
likelihood of the Cape Flats line 
being closed. Residents along 
this line, which runs from Mait 
land to Dieprivier on the Cape 
town-Simonstown branch, have 
been using buses almost exclu- 
sively, but recent restrictions have 
caused road transport to become 
merely a feeder to the railway, 
and electrification wor has bee! 
put in hand, as the administration 
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Eight-coach train on Capetown suburban service 


felt that a rapid and frequent service would develop the 
traffic and justify the cost of conversion. It is expected 
that electric operation will be begun in April, and every 
suburban line in the Cape peninsula will then be electrified. 

The overhead system on the Bellville and Cape Flats 
sections consists of a copper catenary with a cross-sectional 
area of 0-15 sq. in., and a contact line with an area of 
0-25 sq. in. The suspension is of the cantilever type, 
but at Bellville yard cross catenaries had to be used, and 
there are spans of 172 ft., crossing nine tracks and three 
platforms. Carried on the track structure is a 2,200-volt 
single-phase distribution line, which not only carries the 


current for the colour-light signalling, but also that for 
lighting the intermediate stations between Maitland and 
sellville. On one side throughout the Salt River-Bellville 
section, an elongation of the masts carries cross-arms for 
the projected 33,000-volt three-phase transmission line, 
which is to furnish the Electricity Supply Commission 
with an alternative supply to their Bellville traction sub- 
station, and for the rural supply network radiating from 
Bellville. The railway administration is now commencing 
the erection of this line on behalf of the Electricity Com- 
missioners, and on behalf of the same authority they 
have also laid a ten-pair 150-lb. supervisory control cable 





Daimana running shed, showing through pit arrangement 

























































236 Supplement to THE RAILWAY GAZETTE, February 9, 1934 


from Paarden Eiland power station to the Bellville traction 
substation, a distance of approximately 12 miles. In both 
cases the overhead system was put up by the same staif 
who laid the foundations and erected the steelwork, prac- 
tically all the overhead work being done at night. 


Suburban Rolling Stock 

The whole of the electrical equipment for the 83 motor 
coaches, 37 driving trailers, and 95 trailers required for 
the Simonstown line was supplied by the English Electric 
Company. The normal make-up is two motor-coaches 
and four trailers, increased during rush hours to three 
motor-coaches and five trailers. The eight-coach set has 
a seating capacity of 700, a gross weight of 360 tons, and 
a horse-power of 2,244 on the one-hour rating. Each 
motor-coach is fitted with four nose-suspended motors of 
187 h.p., and has a seating capacity for 101 in a length 
over headstocks of 60 ft. 8 in. The motors are connected 
in pairs in permanent series, and current is collected 
by two vacuum-controlled pantographs mounted on 
the roof. 

The control gear is of the English Electric Company’s 
standard semi-automatic type, arranged for multiple-unit 
operation, and fitted with a dead-man handle. The 
master controllers are each provided with twelve notches, 
three of which, viz., full series, full parallel, and weak 
field, are running notches, the train accelerating auto- 
matically to the particular running notch in which the 
controller handle is placed. Two compartments imme- 
diately behind the driving cabin house the control 
apparatus, and the doors are mechanically interlocked 
with isolating switches. The auxiliary machines such as 
the motor-generator set and vacuum brake exhauster are 
mounted beneath the coach underframe. 

These trains have enabled a reduction of 17 min. to be 
made in the journey time between Capetown and Simons- 





Six-car electric train in Monument station, Capetown 


Electric Railway Traction 


town, the new schedule being 62 min. for the 21:5 miles, 
inclusive of 18 stops, against the 79 min. of steam trac. 
tion with fewer stops, the schedule speed being 22 m.p.h, 
The electrical equipment is guaranteed to reduce the 
present time by five minutes if required, and experimental 
runs have shown that they can not only do this, but can 
exceed it without deleterious effect. The bodies, bogies 
and underframes of these trains were constructed by 
German firms. It is understood that no additional motor 
coaches have beer ordered for the Bellville and Salt River 
extensions, but 13 extra driving trailers and 28 trailers 
were required, and the conversion of these units from ordi- 
nary stock was undertaken by the South African Rail- 
ways, and the work completed in less than five months. 


Colour-Light Signalling 

A complete system of modern automatic and _ semi- 
automatic electric colour - light signalling has _ been 
provided on the Salt River-Bellville section, and com- 
prises 84 colour-light signals and 29 route indicators, 
which replace 104 semaphore signals. The block 
sections have been shortened and a 2-min._head- 
way is now possible between Salt River and Mait- 
land, and a 2}-min. headway thence to Bellville. The 
three-aspect system has been adopted, and the automatic 
signals are track-circuit controlled. The semi-automatic 
signals are controlled from the existing signal cabins, in 
addition to the track circuit control, and certain of these 
cabins are switched out for part of the 24 hours, the signals 
then becoming fully automatic. The introduction of this 
colour-light installation is expected to save about £2,000 
a year in operating expenditure. The Westinghouse Brake 
& Saxby Signal Co. Ltd., in addition to supplying some 
of the above equipment, have also manufactured, and 
erected at Salt River junction, a 71-lever all-electric locking 
frame, with point machines and indicator relays. 
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PANTOGRAPH CURRENT COLLECTION 


By F. WHY MAN, B.Se. (Tech.), A.M.1.E.E. 











Fig. 1—A light-weight pantograph of modern design 


OOD pantograph current collection is of the utmost 
importance on d.c. railways using overhead contact 
wires to convey energy to the locomotives and trains 

Poor collection results in rapid and uneven’ wear 
of the contact wire, frequent renewal of the panto- 
graph wearing strips, interference with neighbouring tele- 
phone and radio installations, and is a factor adversely 
affecting the commutation of the main driving motors. 
Of these results, the rapid and uneven wear of the contact 
wire is the most serious, as its renewal, after a few years’ 
operation, interferes with normal traffic and is very costly. 
The following notes, although not exhaustive, outline the 
more important features necessary to secure good panto- 
graph current collection. 
Overhead Wire System 

The overhead wire system is of great importance, as 
if this is good, a modern pantograph will ensure gooil 
collection, but if it is faulty, no excellence of pantograph 
design can ensure uniformly good collection. The total 
conductor section of the overhead system is determined by 
the substation spacing and the current loading, but the 
proportion of this section used in the actual contact wires 
is at the disposal of the designer. Generally speaking, 
it can be assumed that where the peak service current 
to be collected by a pantograph exceeds 500 amp., two 
contact wires should be used. The advantages of two 
contact wires are that the sum of the two flat contact widths 
is much greater than the flat contact width of a single 
Wire of the same total cross section, and the two wires, 
being of smaller diameter, are much more flexible. 

Flexibility is important in the design of overhead con- 
tact systems, and no contact wire of greater cross section 
than 0-196 sq. in. (equivalent to 0-5 in. diameter) should 
ever be used. When contact wires of greater section than 
9-196 sq. in. are used, the initial kinks in the wire, due to 
coiling for tr: nsport and erection, cannot be satisfactorily 
removed, whatever tension is subsequently applied, with 
the result that poor current collection is inevitable, and 
the contact wire wears locally at the kinks. The smaller 
contact wires do not kink so easily by handling before 
and during erection, and are more readily straightened 
When the working tension is applied. Two contact wires, 
each of 0-196 sq. in. section, are ample for the heaviest 
1,500-volt electrifications, and generally, wires of less 
CtOss section can be used. 


For main line and suburban operation up to 65 or 70 
m.p.h., two contact wires supported from a single catenary 
are quite satisfactory, there being no need for an auxiliary 
catenary wire. The auxiliary catenary occasionally used, 
although appearing to give a more level surface of contact 
wire, may detract from the quality of the current collection 
by adding appreciable weight near the contact wire and 
decreasing the general flexibility. The two contact wires 
should be suspended directly from a light spacer, trans- 
verse to the track, which spaces the two wires at varying 
distances between 4 in. and 16 in., this distance gradually 
being increased and decreased to give the required fre- 
quency of stagger. 

These spacers should be supported from their mid 
points by flexible wire droppers from the catenary, of the 
requisite length to give a level wire under mean tempera- 
ture conditions. Two contact wires, when supported in 
this way, can move slightly when a pantograph collecting 
pan is passing under them, so that both are always in 
contact. Some systems use two contact wires as close 
to each other as possible, each wire being supported by 
alternate droppers. With this system, however, the 
collecting pan does not make continuous contact with 
both wires and one of the important advantages of the 
double contact wire system is lost. 


Keeping the Line at Constant Tension 

Another very important feature determining the excel- 
lence of an overhead system is the mechanical tension 
maintained in the contact wires. For satisfactory opera- 
tion this tension should be constant in all circumstances. 
The best method of ensuring this is to sectionalise the 
contact wire, anchoring the mid point of each section, and 
then passing the free ends over pulleys and applying the 
necessary dead weight to give the required tensions. When 
automatic tensioning of the contact wire is not used, the 
usual practice is to apply approximately the correct ten- 
sion at about the mean temperature by stretching the 
wire. In these circumstances, the tension considerably 
increases on a cold day, due to the wire attempting to 
contract, and decreases on a hot day due to attempted 
expansion. 

The danger with such a system is that during the hottest 
period of the year the wire, if not actually slack, has too 
low a tension for satisfactory operation, and, being easily 
kinked under these conditions, often sustains damage 
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which makes future good current collection impossible. 
During the coldest period of the year the tension is very 
high in the wire, often exceeding its elastic limit, which 
stretches the wire and causes the tension at the mean tem- 
perature to be reduced. It will thus be seen that although 
automatic tensioning of the contact wire slightly increases 
the initial cost of the overhead system, it rapidly saves 
this additional cost in reduced maintenance, and is essen- 
tial for satisfactory collection and long life. 

The various fittings used in the construction of the over- 
head equipment, particularly those directly associated with 
the contact wire, should be as light as possible to avoid 
hard spots of high inertia, which cause local wear.  Pull- 
offs, for negotiating curves, and transverse spacing devices 
should be made of stranded wire wherever possible, solid 
rods and register arms being undesirable on account of the 


increased inertia. 


Pantographs 

The characteristics of the pantograph 
are almost as important as those of the 
overhead system, as an unsuitable design 
can quickly damage the best of over- 
head systems. The type of pantograph 
using an auxiliary aluminium bow for 
contact with the overhead wire, so com- 
mon on high voltage a.c. systems, is 
quite unsuitable for the heavy currents 
associated with d.c. operation, which 
requires a flat collecting shoe fitted with 
renewable contact strips. 

Until recent years it has been the 
custom to provide each pantograph with 
two independently sprung collector shoes, 
in the belief that an overhead wire irregu- 
larity can cause only one shoe to leave 
the wire at any one time, assuming that 
the leading shoe has re-established con- 
tact by the time the trailing shoe is 
affected by the local irregularity, thus 
assuring that at least one shoe is always 
in contact with the contact wire. The 
use of two shoes, however, requires a 
greater total upward pressure than would 
be required if only one shoe were used, 
resulting in increased wear. Experience 
in recent years has demonstrated that 
when a pantograph is passing a_ local 
irregularity at high speed, say 60 to 70 ft. 
per sec., a recovery period of about 0-015 
sec. is quite insufficient to allow a shoe 
which has broken contact with the wire 
to re-establish contact, and it has been 
found that when the current to be coi- 
lected is within the capacity of a single 
shoe, no advantage is obtained by using 
a double shoe design. Where the peak 
service current does not materially exceed 
1,200 amp., no advantage in current 
collection is obtained by using two shoes, 
and _ as this current exceeds the require- 
ments of all practicable 1,500- and 3,000- 





using a single shoe. Further, the weight of the moving 
parts of the collector is considerably reduced when only 
one shoe has to be supported, resulting in less inertia forces 
being exerted when any local irregularity is encountered, 
considerably reducing local wear and the possibility of 
mechanical damage to the overhead system. 

A normal pantograph usually consists of a pressed steel 
shoe on which are mounted the wearing strips which make 
contact with the overhead wire. This shoe is spring. 
supported on the main structure, and has a certain vertical 
independent motion, enabling the shoe to negotiate local 
irregularities in the height of the contact wire which th 
whole structure, with its greater inertia, would have diff 
culty in doing. The main structure itself consists of two 
cross-braced top frames, hinged to each other and hinged 
to the bottom frames. The latter are pivoted about th 
main shafts in the base of the pantograph, the springs and 
cranks on the main shafts being so designed that the con- 
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Fiz. 2—Arrangement of modern light-weight pantograph 


volt motor-coach and the majority of locomotive equip- tact shoe exerts a constant upward pressure irrespective 
ments, it will be seen that great economies of operation are of its height above the base of the pantograph. The 


possible by using a single-shoe type. 


mechanism includes a compressed air cylinder which raises 


A double-shoe pantograph normally requires a total the pantograph and causes it to fall when the compressed 
upward contact pressure of 26 Ib. against the 15 lb. of air is exhausted from the cylinder. The upward pressure 
a single-shoe unit, and the wear of the overhead wire and of the pantograph is quite independent of the compressed 
shoe wearing strips is usually found to be approximately air pressure. 
in the same proportion. This indicates that about double The second illustration shows a drawing of the latest type 


the life of the overhead contact wire can be obtained by 


of light-weight single shoe pantograph manufactured by 
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Metropolitan Vickers Electrical Co. Ltd., 


which has given excellent results in ser- } +8 
vice. The pressed steel pan is supported +3! 
on the top frames by four compression i 
springs, two at each end, and is con- B 
strained to move vertically up and down, 4 a 


relative to the main structure, by a small 
auxiliary pantograph consisting of light 
alloy castings. The pressed steel shoe is 
pivoted about the two top links of the 
auxiliary unit and it can rotate about 10 
to 15 deg. on each side of the vertical, to 
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accommodate itsell when passing under { (Rowens | 
a sloping wire. The bottom links of the \ Equatisen Limns Z 


auxiliary pantograph are connected by 
transverse tubes, so coupled as to make 
both ends of the shoe rise and fall to- 
gether. The shoe is allowed about an 
inch of independent motion, the support- 
ing springs being so tensioned that under normal circum 
stances the shoe is floating midway between the up and 
down independent motion limits, being able thus to move 
instantly half-an-inch up or down in response to a contact 
wire irregularity, without causing any immediate move- 
ment of the main structure. The advantages of this con- 
struction are, that the contact shoe is directly supported 
on frictionless compression springs, and is depressed evenly 
along its length, irrespective of the point of contact with 
the wire. 

In some designs the shoe is so supported that one end 
can be depressed without depressing the other. This 
means that only when the contact wire lies over the middle 
of the shoe, is the shoe floating evenly in its mid position. 
When the contact wire passes towards either end, that end 
is depressed to the limit of its independent travel, having 
to sustain the full pressure, and is thus not able to yield 
to local irregularities in the wire, resulting in heavy impacts 
and local contact wire wear. 


Pantograph Frames 

The top frames of the pantograph each consist of two 
main tubes and a diagonal cross bracing tube securely 
clamped to light alloy castings for the hinge joints. The 
tubes consist of high-tensile steel which allows great 
strength with a thin wall and small weight. The arms of 
the bottom frames are built up of sheet steel, and are 
securely bolted to castings keyed to the two hollow main 
shafts. These castings also carry the cranks which, in 
conjunction with the two large tension springs, cause the 
pantograph to maintain a constant upward pressure 
throughout the working range. Some patterns employ 
springs exerting their pull through flexible chains passing 
over shaped cams, but this is unnecessarily complicated 
and trouble is often experienced due to the chains stretch- 
ing and upsetting the upward pressure. 

When there is no compressed air in the operating 
cylinder the pantograph is pushed down by the third 
spring, which, acting through the pivoted bar and the 
thrust rod, pushes the piston back and operates on the 
shaped crank keved to one of the shafts. When com- 
pressed air is applied to the cylinder, the piston moves 
forward and, extending the spring, withdraws the thrust 
tod from contact with the shaped crank, allowing the 


pantograph to rise under the influence of the two main 
springs. This particular design permits a slow rise when 


compressed air is applied, and a quick fall at first, and 
finally slowly when the compressed air is released, avoid- 
ing undue shocks to the structure. The slow rising 
feature is essential, as if the shoe rose very quickly it 
would strike the contact wire with sufficient impact to 
cause a kink of appreciable dimensions. 





Fig. 3—Details of single-shoe mechanism of pantograph 


shown in Fig. 2 


The weight of the moving parts must be kept as low 
as safety permits, to allow a high natural acceleration of 
the structure. The acceleration is a measure of the 
ability to follow a contact wire of changing height, and of 
the inertia of the structure. The higher the natural 
acceleration of the top pivot, the more readily will it 
maintain continuous contact with a wire of changing height 
and the less will be the inertia pressure between contact 
wire and collector shoe when the pantograph negotiates a 
downward ramp at high speed, thus minimising local wear. 
The free upward acceleration of the pantograph illustrated 
in Fig. 2 is as high as 10 ft. per sec. per sec. when the 
springs are set to give 15 lb. contact pressure, this rate 
of acceleration being practically constant throughout the 
working range. This shows the advance made in panto- 
graph design during the last few years, for in the older 
types an upward acceleration of about 4 ft. per sec. per 
sec. was rarely exceeded. The weight of the pantograph 
shown in Fig. 2 is about 500 lb. against a usual weight 
exceeding 1,000 Ib. of the older types. 


Wearing Strips 

The overhead contact wire is usually made of hard- 
drawn copper, and the wearing strips on the pressed steel 
shoe are generally of the same material, about an inch 
wide and ;-inch thick. Lubrication is provided by pack- 
ing the surface of the shoe with thick graphite grease. 
Various metals and alloys have been used for the shoe 
wearing strips, instead of hard-drawn copper, but no 
satisfactory metal substitute has yet been found. 

The life of the copper wearing strips varies very greatly 
on different railway systems, being affected by the type 
of overhead system, the average current collected, the 
amount of steam operation over the line, and by other 
factors. Under normal conditions no difficulty is encoun- 
tered in obtaining a life of about 13,000 miles with a 
single shoe collecting an average current of abcut 400 amp. 
at 1,500 volts in high speed motor-coach working. On the 
other hand, a life as short as 4,000 miles is sometimes 
obtained under similar conditions on other railway systems. 
The working life of the overhead contact wire can only 
be expressed as a number of pantograph passages, and 
with well lubricated hard-drawn copper wearing strips this 
should be about 4,000,000 passages, representing about 
20 years’ life on an ordinary suburban system. Here, 
again, however, consistent results on different railways are 
not obtained, some contact wires requiring renewal after 
as little as five years’ service. It is generally found that 
replacement is required, not because of wire wear over the 
whole length, but because of frequent local wear. 

During recent years the rapid wear of the contact wire 
on certain railway systems has resulted in extensive experi- 




























































ments being made with shoes fitted with carbon collecting 
strips, and the results obtained have been remarkable. 
The greatest advance is made when only carbon shoes 
are used, and on a system using single shoe pantographs, 
with a peak current of 600 amp. and an average current 
of about 400 amp., a life of the wearing strips of 75,000 
miles is obtained against the 13,000 miles when using 
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copper. The contact surface of the overhead wire becomes 
highly polished and the wear taking place is less than 
10 per cent. of that previously obtained. Where _pre- 
viously the contact wire had to be renewed after six years’ 
service, it is now considered good for considerably more 
than 40 years, and this material has given infinitely better 
results than aluminium. 
































THE EARLY DAYS OF 


Some notes on 


HE first ideas concerning the application of electricity 
to railway traction date back farther than is gener- 
ally realised, for experiments were carried out in 

this direction even before the discovery of the reversibility 
of electric induction motors. 

In 1839, a Scotsman named Robert Davidson had a 
‘small locomotive capable of being worked by elec- 
tricity."’ It weighed five tons, including batteries and 
mechanism, and is said to have attained a speed of 
4 m.p.h., although its horse-power was only fractional. 
The armatures were mounted on the axles, revolving 











Davidson’s electric locomotive, 1842 


between pairs of fixed electro-magnetos. There are still 
running on the Liverpool Overhead Railway multiple- 
unit cars which have the armatures mounted on the axles. 

Davidson’s locomotive ran experimentally on the Edin- 
burgh & Glasgow Railway in 1842, and in 1851, Count 
Th. Du Moncel and F. Geraldy designed an electric loco- 
motive which was constructed by the Breton Brothers. 
The results, however, were indifferent. In 1864 Bonelli 
had a rather peculiar scheme, whereby a cylindrical tube, 
divided into sections and provided with coils for each, 
was laid either between, or beside, the rails for its whole 
length, and designed so that when a current was flowing 
through the coils, they drew along a coil attached to the 
railway car. 

Several investors, among them Militzer, Bellet and 
Rouvre, and Gaiffe, tried to solve the same problem by 
so arranging the elements as to constitute a railway with 
an electro-magnetic locomotive. According to a descrip- 
tion of Militzer’s locomotive, which was given at one of 
the meetings of the Vienna Académie des Sciences in 1865, 
“twelve small horse-shoe electro-magnets being fixed 
vertically to the arms of a six-pointed star . . . the whole 
system resting on an axis which passes freely through its 













ELECTRIC TRACTION 


pioneer vehicles 


centre . . . the plane of the star being a base for the 
electro-magnets vertical to the horizon, and the two ends 
of this axis are permanently fixed to two wheels, of which 
the spokes are the electro-magnets.’’ ‘‘ Every part is 
properly insulated so that the passage of the electricity 
from one line of rails to the other can only take place 
through the coils of the electro-magnets.”’ 

Bellet and Rouvre’s electric locomotive was constructed 
in 1864, and was intended for postal purposes. On the 
two hind wheels, which were of copper, of the wagon 
carrying the letters and parcels, were twenty equidistant 
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Siemens locomotive, 1881 (see next page) 


horse-shoe magnets, fixed radially, the polar extremities 
being made flush with the tyre of the wheel, so that the 
rail acted as a continuous armature for all the electro- 
magnets. The successive make and break of the circut 
was accomplished by means of a commutato1 fixed on 
the axle of the driving wheels. It is noteworthy thal 
this was the first successful electric locomotive which de 
rived its power from a fixed battery, current being ob- 
tained from two wires laid between the rails. It will 
be seen that the idea of an electric postal railway dates 
back nearly seventy years. 

In Gaiffe’s locomotive the armatures acted on a geal 
wheel by means of a frame oscillating from right to left 
and left to right, by means of two pivoted levers which 
supported it. This frame carried two catches which acted 
on the cogs of the wheel and turned it one tooth for 
every movement of the frame between the electro-magnets. 
An arrangement in the oscillating frame enabled the direc- 
tion of the current to be charged, and was automatically 
worked when the locomotive arrived at the end of its 
line of rails. Gaiffe’s wag the first reversing electric loco 
motive of which there is any record. 

The experiments of Siemens & Halske in 1879-80, which 
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Siemens’ electric train at the Berlin Trades Exhibition, 1879 


led to the opening of an electric railway for real use in 
1881, and the experiments of Chrétien & Félix in France— 
they projected the first electric overhead railway—and of 
Edison at Menlo Park, are well known. In fact, the 
history of electro traction from 1885 onwards is one of 
remarkable progress. 

In order to bring electric traction to the notice of the 

public, Dr. Werner von Siemens laid down a miniature 
railway in the Berlin Trades Exhibition of 1879. This 
line was 900 yards long, and carried 80,000 passengers 
between May 31 and September 30 of that year. The 
success of the Exhibition line, one of the trains on which 
is illustrated herewith, led to a public railway being laid 
down from the Anhalter station, in Berlin, to Lichter- 
felde, a distance of just over 13 miles. Current was ob- 
tained from one of the running rails and returned through 
the other, the insulation provided by the wooden sleepers 
proving adequate for a working tension of 180 volts. 
_ This railway was opened on May 12, 1881, and was the 
irst electrically-operated line in the world to be used for 
public service. The carriages seated 26 people, and as 
may be seen from the accompanying illustration were of 
the single deck tramway type, but with the addition of 
buffers and couplings. There is, however, no record of 
the stock ever being used in multiple-unit formation. 

Electric traction was introduced into Britain in 1883, 
when Volk’s electric railway along the front at Brighton, 
and the Portrush and Bushmills line in Ulster were 
opened within two months of each other, the former on 
August 3, and the latter on September 28. All the lines 








Above: Electric car on the Lichterfelde line, 1881 
Right: Car on the Charlottenburg-Spandau line, 1885 


built up to this time since the Berlin Exhibition had taken 
their current from the running rails or from a third rail, 
but in 1883-85 Dr. von Siemens experimented with over- 
head wires on lines near Frankfort, Vienna and Berlin. 
The Charlottenburg - Spandauer Bock Railway was 
equipped with two overhead cables mounted close together, 
and on these ran a small contact trolley which was drawn 
along, and attached to the car by means of a cable, as 
shown in the last of the accompanying illustrations. This 
system was soon discarded, as was the principle applied 
to the lines constructed near Frankfort and Vienna, which 
consisted of two longitudinally-slotted tubular conductors 
suspended above the track. 


Underground Railways 

From 1890, when the first electric tube railway in the 
world, the City & South London, was opened, progress 
of both surface and underground electric traction was 
rapid, and by 1902 not only were there a number of 
electric lines operating heavy traffic, but a speed of 130 
m.p.h. had been reached by an electric vehicle running on 
a special track between Marienfelde and Zossen, near 
Berlin. The City & South London was originally intended 
for cable haulage, but perhaps as a result of the successful 
operation of the electric line from Bessbrook to Newry, in 
Ireland, which was opened in 1885, the plans were 
altered to incorporate electric traction. After the inaugura- 
tion of the second underground line, a shallow tramway 
subway at Budapest, in 1896, underground lines followed 
each other in rapid succession. 
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BARMEN—ELBERFELD RAILWAY 


This unique monorail electric passenger line has put several new cars into operation 

















By JURIJ L. KOFFMANN 





Suspended electric train running above the River Wupper 


HEN considering the various systems of transporta- a 75 years’ concession for the construction of a nine-mile 
tion now operating in urban and suburban service line connecting Barmen, Elberfeld, and Vohwinkel. The 
one is apt to forget the unique but effective sus- line was opened throughout early in the present century, 

pension railway running along the Wuppertal from Bar- and worked by the Continentale Gesellschaft fiir elektrische 
men to Elberfeld in the west of Germany. The particular Unternehmungen. 

method of traction dates back to 1893, when trials were Most of the line was erected above the River Wupper, 
conducted of a system invented by Eugen Langen, the the average width of which is 98-100 ft., the elevated 
tests being undertaken by the Electricitéts A.G., formerly structure being carried on steel posts held in concrete 
Schuckert & Co. of Nirnberg, and Van der Zypen & walls on the river banks, as may be seen in the first of 
Charlier of KélIn-Deutz. Successful results being obtained, the accompanying illustrations. The supporting posts are 
the two companies applied for, and in 1896 were granted, of rolled steel sections spaced at a distance of 80-82 ft., 

















Lates! type of passenger car for the Barmen-Elberfeld Railway 
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Votor-bogie of suspended electric train 


but where the line runs over the city streets the spacing 
is increased to 89-98 ft., the span being usually about 
38 ft., in place of the 100 ft. over the river. The average 
height from street to floor level is 15 ft. 3 in., raised 
to 17 ft. 6 in. when running over street tramcar tracks. 
There are few curves on the running part of the line, but 
there is a three per cent. grade approaching one of the 
stations. 

Carried on girders of double T section, the rails weigh 
48 lb. per yard, and are mounted on special pads in 
order to reduce the noise, an effect which is further 
assisted by the overlapping of the rail ends. The track 
switches are of a specially developed design, in which the 
switch tongue covers the rail, the wheels being double- 
flanged, and so leads the car to the track desired. Similar 
types of switch tongues are used for the 
conductor rail. Owing to the two-wheeled 
design of the trucks, the curves can be 
very sharp, and the turning loops at each 
end of the line are laid to a radius of 
only 29 ft. 6 in. 

Current is supplied from a_ railway- 
owned power station, and generated at 
the line voltage of 600 d.c. The contact 
ails have an area of 500 sq. mm. and 
are laid in lengths of 49-59 ft.: in order 
to reduce the number of joints. They 
are held under the structure which carries 
the running rail, and the current is led to 
the motors by means of a double-insulated 
steel tubular pole fitted with a steel col- 
lecting shoe. Automatic colour light 
signalling is installed to permit of a 
trequency of 30 trains an hour. All the 
“ats are motor-driven, and the layout of 
4 truck and its motor is shown in one of 
the accompanying illustrations. 

Psi for 11 second-class and 16 third- 

“., Passengers are provided in each 
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total capacity up to about 50, within ove: 
all dimensions of 37 ft. 6 in. long, 6 ft. 
10 in. wide, and 7 ft. 10 in. high. The 
trucks have a wheelbase of 3 ft. 7} in. 
and are pitched at 26 ft. 3 in. centres. 
The tare weight of each car is about 
12 tons, and the maximum speed 31 
m.p.h. Entrance and exit are by outside 
double sliding doors in the latest stock, 
but the original vehicles had sliding doors 
at each end. The electrical equipment for 
the whole stock has been supplied by the 
Siemens -Schuckert-Werke A.G. Hand 
operated controllers with 14 power and 
seven brake notches were incorporated in 
the original vehicles, but the latest cars 
have electro-magnetic multiple-unit con 
trol with nine power and_ six brake 
notches. In normal service only electric 
braking is employed, the control appa 
ratus of which is located in a box in froni 
of the driving position. 

Two-car trains running at approxi 
mately 2} min. intervals form the normal 
service, but during rush hours three-cai 
trains operating at a schedule speed oi 
15-2 m.p.h., with a maximum speed of 
25 m.p.h., enable the capacity of the line 
to be raised to 3,600 passengers an hout 
in each direction. The average distance 
between stations is 0-4 mile, the maxi- 
mum rate of acceleration 1-95 ft. per sec. 
per sec., and the braking rate up to 3-2 per sec. per sec. 
The success of the undertaking may be gauged from the 
fact that although there is intensive competition from two 
railway routes and numerous tramway systems, the num- 
ber of passengers carried annually rose from 8,000,000 
to 20,000,000 and the car-miles from 615,000 to 2,050,000, 
between 1903 and 1925, while the population of Elberfeld 
increased only from 340,000 to 365,000. The maximum 
capacity of the line is about 2,200,000 passengers per mile. 
and the construction cost approximately £50,000 per mile. 
At the present time the railway is owned jointly by the Con- 
tinentale Gelleschaft and the City of Elberfeld, the propor- 
tion of the shares owned being 51 and 49 per cent. respec- 
tively. The dividend paid is now two per cent., but for 
many vears it did not fall below six per cent. 
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MERCURY ARC RECTIFIERS—I 


The principle, construction, and applications of this 
important class of electrical apparatus are explained 
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FJ. HOUGH the design, construction and operation of mer-certain parts; and for maintaining the requisite high degree 
cury arc rectifiers are matters for the specialist, theof vacuum in the containing vessel, if the latter is of meta} 
versatility of this type of equipment is so remarkable, with mechanical joints, as distinct from a sealed glass 

and its applications in electric traction are becoming so vessel; but there are no moving parts comparable with 

important, that every railway engineer should have athe armatures or rotors of motor-generators and rotary 
general knowledge of the nature and capabilities of the converters. On the other hand, the arc itself is definitely 
apparatus. Essentially, the apparatus consists of anand necessarily a moving part; it is, in fact, a flexibl 
electric arc struck on the surface of a pool of mercury in conductor acting as a travelling switch blade which changes 
an evacuated vessel. For small outputs (from 5 tothe connection inside the rectifier vessel or chamber in a 
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B.T.H. ironclad mercury-are rectifier and auxiliaries 


500 amp. direct current) the containing vessel may be, definite manner and sequence. 


thousands amperes, d.c.) it is of steel. 
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While the arc is alight, 
and generally is, of glass; for high outputs (up to several current is flowing through it from one electrode (the anode. 


of positive polarity) to the mercury pool (the cathode, of 


The original purpose of the rectifier was, as its name negative polarity), but whereas there is only one cathode 
implies, the rectification of alternating to direct or con- there are usually six or twelve anodes connected to points 
tinuous current. It is still used for this purpose, to a_ of different phase, 7.e., phase terminals, on the alternating 


greater extent than ever before, but by the addition of current side of the rectifier. 


grid control it has been rendered applicable to other ser- Reduced to its simplest terms, the function of the rectifier 
vices—among them, inverted operation as a converter of is to act as a high-speed switch pivoted on the cathode 
direct to alternating current; the conversion of alternating and changing the connection thence to one anode after 


current of one frequency to alternating current o2 a dif- another. These changes of connection may be effected 
ferent frequency; and the operation of traction motors hundreds of times per second, depending on the frequency 
without commutators on a single-phase system. Special of the a.c. supply and the number of phase points pl! 
names will probably be found for the rectifier in each of vided for the anode connections; and the switching may 
these and other applications, but the apparatus itself is be effected quite automatically or under grid control. 
essentially the same in each case, the differences being Immediately an arc is struck, a stream of electrons (small 
in the external circuits controlled by the rectifier. charges of negative electricity) is emitted from the incal- 


Outwardly, and so far as the user is concerned, the descent spot on the mercury cathode. 


As long as these 


rectifier is a static apparatus comparable with the alter- electrons can reach an anode at suitable potential, the 
nating current transformer in its freedom from moving arc will continue to burn. When the potential or electri 








mechanical parts. Provision has to be made for cooling pressure of the anode decreases, its pull on the electron 
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diminishes and the arc goes out when the difference of 
potential (anode at higher potential than cathode) becomes 
less than 15-30 volts, according to circumstances. If, 
however, the potential of a second anode increases, while 
that of the first decreases, the arc may be transferred auto- 
matically to the second anode, thus effecting one of the 
changes in internal connection already mentioned. 

By a sequence of such changes, the external circuits 
being suitably arranged, it is possible to convert an a.c. 
supply to a d.c. output, current being taken at every 
moment from such a part of the a.c. circuit that its direc- 
tion on leaving the rectifier is the same, i.e., direct cur- 
rent. This constitutes the use of the rectifier as an auto- 
natic switch controlled solely by the periodic changes 
in positive polarity of the anodes. A reverse current from 
the mercury to the former anode is impossible because 
the anode is kept relatively cool and therefore cannot emit 
electrons. When thus used simply as an automatic switch, 
the rectifier is able only to rectify a.c. to d.c. and it 
provides no control over the d.c. voltage, which is deter- 
mined simply by the applied a.c. voltage. If, however, 
a perforated metal grid be placed between each anode and 
the cathode, then the course taken by the electrons can 
be controlled by applying suitable voltage to the grids, 
thus establishing electrical fields or barrages which delay 
or prevent current flow along any particular path. 

The principle of grid control extends the capabilities 
of the rectifier to inverted operation, frequency changing 
and other applications, further discussion of which lies 
beyond the scope of these notes. For the present, it may 
suffice to amplify the general explanation of the action 
of a rectifier by the accompanying illustrations, showing 


respectively the general arrangement of a_ British 
Thomson-Houston ironclad — rectifier, complete with 


auxiliaries and ready for service, and the internal com- 
ponents of a rectifier by the Allgemeine Electricitats 
Gesellschaft, of Berlin. The purpose of the various parts 
of the B.T.H. equipment is shown in the illustration, and 
willbe dealt with more fully in a later article. As regards 
the sectional illustration of the A.E.G. rectifier, the arc 
chamber 4, which is covered externally with vulcanised 
tubber, is connected to a vacuum pump and contains (in 
this case) six anodes 16, insulated electrically from the 
cover and shielded by tubes 13, which guide the arc and 
prevent “* backfiring ’’ or short circuit. The mercury 
cathode is at 9, connection being made to it by the con- 
ductor 10. The are is started by the electromagnetically 





Supplement to THE RAILWAY GAZETTE, February 9, 1934 245 


operated striking anode /, 15, and there are excitation 
anodes 12, which safeguard against accidental extinction 
of the main arc. Mercury is evaporated continually from 
$ by the heat of the arc but it is condensed in the upper 
part of the chamber, which is cooled by the jacket 3, and 





A.E.G. rectifier as used on Berlin Stadtbahn 


returned via the funnel // with filtering device. There 
is also a cooling water supply 6 to the cathode; and other 
parts numbered are the cooling water pipe 2, supports 5, 
cooling water outlet 7, baseplate 8, casing 14, and auto- 
matic cooling water regulator 17. 








ROME-VITERBO RAILWAY 


Electrification on the direct current system of Italian secondary railway 


i 1905 a narrow-gauge tramway was opened from 
Rome to Civitacastellana, along the Via Flaminia, 
.. and was afterwards prolonged as a light railway to 
Viterbo. Proving inadequate to cope with the traffic, this 
tramway was about to be replaced by a narrow-gauge 
railway running in its own right-of-way, but on the out- 
break of war the work was postponed, and was not 
actually begun until 1925. In 1928 work was suspended 
on the instructions of the Government, as it was considered 
that a better solution would be to lay a standard-gauge 
system which could be connected to the main line rail- 
Ways. Accordingly, in 1931 a new concession was granted 
to the Soc. Romana per le Ferrovie del Nord for a line 
which included a terminus in Rome near the Risorgimento 


Bridge, the line passing thence along the bank of the 
Tiber to the Quinto Gate. 

The replanning of the city led to the abandonment of 
this portion of the scheme in favour of a route commenc- 
ing at the Piazzale Flaminio, running thence underground 
for a distance of about 2,000 metres, coming into the open 
near the Acqua Acetosa station, then crossing the river 
to join the line as originally planned. The complete line 
was opened by Signor Mussolini on October 27, 1932, and 
follows the route shown on the two accompanying maps. 


Engineering Works 


The Rome terminal station consists of two lines and an 
island platform under an all-over arch, beyond which 
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Maps and gradient profile of standard-gauge Rome- Viterbo 


there are two double-line tunnels, accommodating both 
running lines and sidings, followed by a length of ordi 
nary double-line tunnel, and finally a single line tunnel. 
The railway is single track, except at the passing places 
and termini. 

In constructing the Rome tunnel it was necessary to 
divert an aqueduct and to negotiate sand and gravel, 
heavily charged with water. The walls and foundations 
of the station tunnel were made with liberal dimensions 
and specially reinforced on account of the nature of the 
ground above. The bridge carrying the line across the 
Tiber is in reinforced concrete, with five arches, each with 
an opening of 24 m., giving 120 m. clear riverway, 01 
75 m. at the highest flood level. The height of the bridge 
at such times, from water level to rail level, is 23°45 m. 
Other important works are the Treja bridge, in concrete, 
the Selve and Fornacchia brick viaducts, together with « 
cutting and heavy retaining walls near La Quercia. 

The permanent way consists of flat-bottomed rails, 
30 kg. per metre, 12 m. long, carried on bearing plates 
upon oak sleepers, of which there are usually 15 per raul 
length, with additional ones on sharp curves. Six-bolt 
fishplates are used and on curves sharper than 160 m. 
adius additional clamping bolts are added to hold the 
rails and bearing plates. 

The three stations in Rome and the Viterbo terminus 
are equipped with all-electric power signalling of the 
Savona Company’s pattern, with illuminated diagrams, 
and at six intermediate stations the same company have 
installed double-wire mechanical signalling with key-inter 
locking control. There are two telephone circuits, a direct 
and an omnibus, special protection being provided against 
interference from the rectified trolley current. The tele- 
phones are on the selective system and the line is worked 
under the control of a dispatcher at a central point. 


Power and Distribution 

rhe traction system is of the 3,000-volt d.c. type with 
overhead wire, the contact line being fed from three 
substations, supplied with three-phase high-tension current 
from the Rome Electric Power Company’s network, 
but there is a reserve supply from the Volsinia Company 
at the Vitorchiano substation. Mercury-arc rectifiers with 
remote control are used. The trolley wire is reinforced 
by a feeder between Rome (Littorio Aerodrome) and Cata- 
lano, and this keeps the voltage drop within reasonable 
bounds. The negative poles of the groups are connected 
to the rails, and the positive poles, by means of single pole 


Railway 


automatic switches, to the busbars. The standards are of 
steel, double T section, usually 25 m. apart, with cross- 
Wire suspension, this being considered preferable in. this 
case to the catenary method. The poles are bonded to 
the rails and the latter to each other by electrically-welded 
bonds. The three substations are located at Littorio 
Aerodrome, Catalano, and Vitorchiano, and take alter- 
nating current at 8,500, 30,000 and 30,000 volts respec- 
tively. Littorio and Catalano substations are fitted with 
two converter groups, consisting of a three-phase oil-cooled 
transformer of 1,350 kVA. capacity and a 3,000-volt 
1,200 kW. mercury-are rectifier. Vitorchiana substation 
has similar apparatus with a rectifier of 800 kW. capacity, , 
and like the other two stations has auxiliary converters 
for producing 220-volt current for ancillary services. 
The whole of the electric equipment was supplied by the 
Italian Brown-Boveri Company. 


Rolling Stock 

Che rolling stock consists of four goods locomotives, 
100 goods wagons, 10 motor-coaches, 18 bogie composite 
first and third class, and 12 third class trailers, and one 
special bogie saloon. The passenger vehicles have end 
and centre doors, worked pneumatically from the driver's 
cab and arranged so that the train cannot be started unless 
the doors are closed. The axles of the motor-coaches and 
locomotives are driven by 146 h.p. nose-suspended motors, 
geared to give a top speed of 75 km.p.h. for passenger, 
and 45 km.p.h. for goods trains. The goods stock includes 
75 covered and high-sided wagons, 18 low-sided wagons 
and 10 special permanent way maintenance trucks. The 
carriage sheds, with repaii adjoining, are at 
Catalano, near the centre point of the line. 


shops 








Layout of Control Gear 


In describing the mounting of control gear for multiple 


unit trains in our January 12 issue, we unfortunately 
omitted to state that the arrangement adopted by the 
L.M.S.R. for enabling the control equipment to be with 
drawn en bloc, as illustrated on page 75, was manufactured 
by the General Electric Company to the requirements of 
Lt.-Col. Cortez Leigh, the railway company’s F lectrical 
Engineer. The G.E.C. was responsible for the electrical 
equipment of 31 vehicles for the Euston-Watford service, 
to which this type of control mounting was applied. The 
vehicles were described in detail in the issue of this Supple 
ment for October 27 last. 








